A bstract. Kinetin in concentrations of 10-e to 10-4 M, stimuated ethylene production in 3 and 4-day old etiolated seedlings of Alaska pea (Pisucm sativum L. var. Ala-ka). Seedlings of other species responded similarly. The response to kinetin depended on the age of the seedlings.
The influence of auxins on ethvlene production in several plants was first reported bv Zimmerman and Wilcoxon in 1935 (22) . Recently several workers confirmed and extended this observation (1. 5) and currently there is an hypothesis which attributes many of the effects of auxin (IAA) to its influence on ethvlene production (7) .
Gibberellins have also been associated with ethylene production. For example, Abeles and Rubenstein (1) and Lewis, Palmer, and Hield (13) respectively, reported an increase of ethylene evolution by bean explants and parthenocarpic naval oranges, after treatment with gibberellins. Scott and Leopold (19) , however, reported that the actions of ethylene and gibberellic acid are antagonistic in the elongation process of lettuce seedlings.
In contrast to IAA and gibberellins the relation of cytokinins to ethvlene production and action has been studied mtuch less. In a recent report on leaf abscission of bean explants Abeles, Holm, and Gahagan (3) noted that explants treated with high concentrations of kinetin and 6-benzyladenine doubled their ethylene production. We now present a study of the effects of kinetin on ethvlene produiction, and the interactions between kinetin, IAA, and gibberellin on ethylene production and growth of seedlings.
Materials and Methods
Plant Materials. Alaska pea seeds (Pisunm sativum L. var. Alaska) were soaked in a beaker in the dark, in running tap water bubbled with air. The soaking was carried out for 48 hr at 250, a treatment which was found to produce uniform, disease-free seedlings. Thev were then planted on wet "Kimpack" (an absorbent of one-eighth inch thick packing paper) and grown at 25°and about 95 % relative humidity. The seedlings were grown in darkness up to 6 days with occazional dim "safe green" light. Seedlings were transferred to 50 ml flasks in the dark, at different ages, for the experiments. Age of seedlings was measured from the time the soaking started. In some experiments 2-cm apical sections were cut from 6-day old seedlings and used as experimental material. In experiments in which 1 day old seedlings were tested, the dry seeds were placed directly into 50 ml flasks, containing 2 maximum ethylene production by seedlings. IAAinduced ethvlene production in 6-day old pea-stem sections showed a similar "concentration-activity" curve (5) .
Stimulation by Kinetin and Rate of Ethylene Production. Hourly production of ethylene in 2-dav old pea seedlings, in the presence and absence of 10-4 M kinetin, is presented in figure 2 . Three phases of ethylene production were ob-erved; a slow phase (0-5 hr) in which production was about the same in both kinetin-treated and control seedlings; and ascending phase (5-8 hr) in which the greatest rate of increase was obtained, in both kinetin-treated and control seedlings; and a quasi steady-state phase (8-24 hr) in which ethylene production continued at a lowered steady rate in kinetin-treated seedlings, while ethylene production approached zero in controls. (15) , had no effect on ethylene production.
The inhibitors of ethylene production were considerably less effective against endogenous ethyleneforming systems than the kinetin-stimulated systems. This suggests that the kinetin-stimulated system is different from the endogenous system. In addition, the relative ineffectiveness of cycloheximide against the endogenous ethylene-forming system, and its comiplete inhibition of the kinetin-stimulated system supports the possibility that kinetin-induced ethylene 10 production is dependent on new enzyme formation in 2-day old pea seedlings. Ethylene Production in Relation to Growth Substances and Age. Kinetin and IAA stimulated ethylene production in 3 to 5 day old pea seedlings, while gibberellin had virtually no effect (table V) . During the first 2 days of growth there was little effect of any of the growth regulators on ethylene produc-tion by seedlings. On the third day the effect of kinetin was maximal and thereafter sharply declined. The stimulation by IAA, however, continued to increase linearly throughout the 5-day period. Thus the age of the seedlings was shown to be the controlling factor in eliciting increased ethylene production after treatment with IAA or kinetin.
Kinetin and IAA-treated seedlings were shorter and thicker than the controls, whereas gibberellintreated seedlings were longer and somewhat thinner than the controls. This is to be expected from the effects of kinetin, IAA, and gibberellin on ethylene production of etiolated pea seedlings, and the known effects of gibberellin on elongation of seedlings. The increased ethylene production by seedlings treated with kinetin or IAA would tend to cause dwarfing, while treatment of the pea seedlings with gibberellin, which does not induce ethylene production, causes elongation.
When both kinetin and IAA were added to seedlings at the various ages, there was even greater ethylene production by the 3 to 5-day old seedlings (table V) . However, when gibberellin was added to kinetin or IAA, or to combinations of kinetin and IAA, it did not significantly (statistically) enhance the stimulatory action of kinetin or IAA, or the combined stimulatory action of kinetin and IAA. Therefore, gibberellins had little or no effect on ethylene production by 3 to 5-day old etiolated pea seedlings, either alone or in various combinations with IAA and kinetin. On the other hand, kinetin and IAA significantly stimulated ethylene production in 3 to 5-day old etiolated pea seedlings when added alone, and their stimulatory action was enhanced by 40- 4 . Ethylene produced by 6-day old etiolated pea stem sections treated with kinetin, gibberellin, and IAA. Six-day old etiolated Alaska pea seedlings were grown as described in the Materials and Methods. Groups of 4 apical stem sections, 2 cm long, were cut with a razor blade and incubated in 50 ml sealed flasks for 24 hr, at 250 in the dark. Ethylene was determined at the end of a 24-hr period of growth. The flasks contained 2 ml of solutions of the different growth substances, each in final concentration of 10-4 M (X) or 2 X 10-4 M (2X) in 10-3 M phosphate buffer, pH 6.8. In the control treatment the stem sections were incubated with 2 ml of buffer only. Letters under columns on graph indicate Duncan Multiple Range Test (12) . Columns on graph ascribed by no letters in common are significantly different at 1 % level. The comiibined action of growtli regulators on eLlivlene production wvas also studied wvith 6-day old pea stem sec. ions (fig 4) . As previously noted (tible V), kinetini did not greatly stimulate ethylene I)roduction in 5-day old pea seedlings, and also had little effect on 6-day old pea seedling stem sections (fig 4) . However, wNlhen IAA was combined with kinetin considerable stimulation of ethyilene production was obtained. IAA and kinetin interacted to increase ethylene production in stem sections from etiolated peal seedlings, even at an age (6-day old seedlings) when kinetin by it elf had little effect on ethylene produiction. Gibberellin on the other hand hIad little or no signiificant effect on ethylene prodtuction. alone or in combination with IAA and kinetin, in either whole pea seedlings or their stem .scctions.
El/iylene-Gibbcrellin Initeraction in Alaska Pea Sec(llings. Inhibitioni of elongation of young pea seedlings is a well known effect of ethylene (5, 8, 17) iand it lhas beenl shown that kinetin causes an increase in etlhylene production in these eedlings. Therefore kinetini may catuse inhibiLion of growth. On the o-llhr h'and gibberelin stimulates elongation in Alaska pea seedlings in early stages of their growth (18) (4, 10, 11, 21) may be attributed to its stimulation of ethylene production.
Gibberellin on the other hlandli has no significant effect on ethylene production either alone or in combinations with IAA and kinetin, in 1 to 6 day old pea seedlings. In fact, the well-known action of gibberellin, which results in stem elongation, appears to be antagonized by the action of ethylene which induces dwarfing of seedlings. It is possible that interaction between kinetin, IAA, ethylene, and gibberellin, control elongation in seedlings. Antagoniismii between the elongation and dwarfing effects of gibberellin and ethylene was also reported by Scott and Leopold (19) . In addition, another ethylene effect, the ripening of tomatoes, can also be antagonized by gibberellin (9) . These data suggest that the actions of gibberellin and ethylene are mutually antagonistic in their effects on growth and development of tisstues.
The inicreased production of ethylene induced by 
